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ABSTRACT 

Flow to move scienc e-based labs on line has bee n one of the main obstacles as sociated with the 
development of online science program s. In the spring of 2006 an d again in 2007, we organized online 
workshops broadly based around the central them e of Moving the Lab Online. The objective of these 
workshops was to provide a forum for the exchange of ideas, thoughts, and experience associated with the 
challenges of moving science labs into the online environment. Produced by Sloan-C, the first workshop, 
entitled “Practical Techniques for Utilizing Remote Instrumentation to Enhance Science Education,” 
focused primarily on the technical aspects of us ing remote instrumentation. The second, entitled 
“Changing t he Laborator y Learning Experience Using the Online Env ironment,” look ed at issues 
associated with teaching online labs using rem ote instrumentation. A number of similar themes emerged 
from these workshops. These ranged from a need to better articulate the role of the laboratory experience 
to questions of whether labs even need to be part of the online science learning experience, to the need for 
the development of best practice s. This paper presents the authors’ reflections on the prom inent themes 
and discussions that emerged from the Moving the Lab Online workshop series. 
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I. INTRODUCTION 

The Internet and the online environment have already become indispensable tools for practicing scientists, 
supporting a variety of resear eh and collaborative ac tivities r anging from r emote surgeries [1, 2 ], to 
planetary and space exploration [3, 4], to real time earth observatories and ocean-floor laboratories [5, 6], 
to data mining and data sharing [8, 9] and teaching [10, 11, 12, 13, 14, 15, 16] . Science is now routinely 
conducted in a decentralized environment with collaborating scientists located around the world building 
virtual communities and sharing resources. A diverse range of online tools such as desktop sharing, video 
and web conf erencing, and course managem ent systems support t hese activities. Shoul dn’t the teaching 
labs of today also em brace these onli ne technologies and pract ices as the r eality of how science is 
conducted? Shouldn’t we incorporate them into the teaching laboratories as essential for the development 
of science literacy and for educating new s cientists? We believe this is true. W e also believe in the need 
to identify and develop these tools f or use in both online and face to f ace te aching and learning 
environments in a way that ensures that we are not simply replicating the traditional laboratory experience 
online. Rather, the online environment should be used to create new, more authen tic learning 
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opportunities by exploiti ng the strengt hs of t he available online tools to create new and more effective 
learning opportunities in the laboratory-based sciences. 


These questions formed the basis of t wo “Moving the Lab Online” workshops organized by the authors 
and produced by the Sloan-C in the spring of 20 06 and 2007. The objectives of the workshops were to 
provide a forum for the exchange of ideas, thought s and experience associated with the challenges o f 
moving science labs into the online environm ent. Moodle was used as the p rimary workshop delive ry 
platform ad ministered b y Sloan-C with indivi duals fro m a nu mber of institutions provi ding recorded 
Macromedia Breeze presentations related to thei r experiences d eveloping and conducting online labs. 
Additional information, from literature refer ences, to links to web-based r esources, to t he ability of 
participants to co nn ect directly to remote instruments, provided additional content to support each of the 
workshops. Discussion forums and a final live session using El luminate Live! allowed presenters and 
participants to more fully develop and extend ideas developed during the workshop. This paper provides 
the authors r eflections on so me of the central themes that emerged from the Moving the Lab Online 
Workshops. 

A. Redefining the Teaching Laboratory 

Instructional laboratories have historically been ace epted as essential for the training and education of 
scientists and for the promotion of science literacy in general. At most institutions, individual laboratories 
are typically conducted in three or four hour time blocks one or two days a week. During these laboratory 
periods, stud ents usuall y follow scri pted procedu res to achieve some predeter mined e xperimental 
outcomes with little or no opportunity to repeat, expand, or modify experiments based on observations or 
interpretation of experimental data. In fact, laboratory activities are often so tightly controlled that they do 
not resemble working laboratories at all and often fail to convey the excitement of research and discovery. 
This is true across the sci entific disciplines from Anatomy to Zoology, raising many important questions 
as to the purpose of teaching laboratories and whether they are, in fact, effecti vely training and educating 
students to be scientificall y literate let alone practicing scientists. As educati onal institutions regularly 
commit significant financial, personnel, space, and ot her resources to support te aching laboratories, these 
types of questions are beco ming increasingly im portant, causing so me institu tions to either reduce or 
eliminate teaching labs altogether or to explore opportunities, such as the use of online and virtual labs, as 
alternatives to traditional laboratories. However, as we migrate toward the use and development of these 
online resources, we need to ask whether the traditional laboratory is the model we want to move online, 
or should we be looki ng at the online environm ent as a new and/or complementary way to im prove 
education and training in the sciences. 

What are teaching labs and why have they evolved into the form they generally have toda y? Look at a 
typical course catalogue from any university and it quickly becomes apparent that there is no comm on 
description or definition of a teaching laborator y that can be adopted universally. There ar e co mputer 
labs, field labs, chem istry labs, e ngineering labs, marine labs, anato my labs, a nd even art and lang uage 
labs to nam e just a few, each with th eir own set of activities and student responsibilities. Laborator y 
objectives that specifically articulate the knowledge, skills and values to be developed during t he 
laboratory are rare. Com mon features among labs, however, tend to be the use of a specialized space 
(usually a bri cks and m ortar laboratory or room ), bl ock tim etabling, and the manual manipulations of 
physical samples. Whether painting a portrait, mixing chemicals, looking throug h a microscope, 
dissecting specimens or b uilding a circ uit, these manipulations are co nimonly referred to as “hands-on” 
activities, the objectives of which, at 1 east superficially, are knowledge application (fro m associ ated 
lectures) and the development of discipl ine related technical skills. We asked ou r workshop participants 
how they would define a lab and why labs so often take this form and found that a universal definition of 
a teaching lab as well as the rationale for typical laboratory format was elusive. This finding mirrored the 


54 


Journal of Asynchronous Learning Networks, Volume 12: Issue 3-4 


Reflections From the Moving the Laboratory Online Workshops: Emerging Themes 


findings of a recent National Research Council’s co mmissioned report, “ America’s Lab Report: 
Investigations in High School Science” [17]. In the absence of a common definition for a laborator y, the 
report promotes the concept of the “laboratory experience” as stated below: 

Laboratory e xperiences provide opport unities for st udents to int eract directly with the 
material world (or with data drawn from th e material world), using the tools, data 
collection techniques, models and theories of science. 


Shifting our thinking away from defining an online laboratory to that of developing an onlin e laboratory 
experience will allow us to more effectively exploit the online environment for the delivery of laboratory- 
based sciences. This idea is supported by the report’s association of laborator y experiences to include 
“teaching and learning that may take place in the laboratory room or in other settings ” that include 
“interaction with sim ulations” and “rem ote access to scientific instruments and observations” [17 ]. This 
view represents a significant departure from the traditional belief that science has to be taught as a series 
of “hands-on” activities conducted in a specialized space within a defined timeframe. In other words, the 
laboratory experience can and shoul d occur, usi ng the central mantra of the online co mmunity, 
anytime/anyplace. What does this say about m oving laboratories online? Perhaps the most i mportant 
concept that we should focus on is using the onli ne environm ent to pro vide a significant laboratory 
experience rather than trying to replicate the traditional f ace-to-face laboratory. This, in fact, was one of 
the central themes to emerge from the Moving the Labs online workshops and one that we are currently 
striving to develop as part of the Integrated Laboratory Network (ILN) Project. Discussion forums related 
to this topic can be found at the ILN project Moodle site available online [18]. 


B. The Need for an Online Consortium and the Associated Development of 
Best Practices 

Although a variety of institutions and groups acros s multiple disciplines have approached the 
development of online science labs, most of these activities have occurred in isolation [11, 12, 13, 14, 15, 
16]. Currently there is no consortium, such as Sloan-C, to serve as a centralized organization to nurtur e 
the idea and to gather and provide easy access to in formation, resources and networking opportunities 
associated with the devel opment of onl ine labs. Interestingly, during t he workshops frequentl y asked 
questions typically began with “How do I. . . ? ” or “W here can I ... ?” These q uestions sought exa mples of 
conducting o nline labs within specific disciplines. The lack of a central repositor y of i nformation 
represents a significant hurdle to actu ally moving labs online and leads dire ctly into the next the me to 
develop from the workshop; that is, what are the be st practices associated with m oving and delivering 
laboratories online? 


The lack of defined best practices and clear exa mples as sociated with the design, development, and 
delivery of online labs makes moving labs online extremely challenging. Those currently involved in the 
field are charting new territory and, by default, are establishing the best practices. This is both good and 
bad. For one, it is intellectually very interesting to work on t he challenges of m oving labs online: t he 
research generated fro m t his work will make an i mportant contribution to the em erging scholarship of 
teaching and learning science online. On the other hand, early adopters are at a critical development stage 
in the evolution of moving labs online. That is, efforts to move labs online th at produce poor outcomes 
(student dissatisfaction, poor quality of program delivery, poor quality materials, and poor overall student 
experience) have a significant potential to negatively impact the acceptance of online labs. Our failures 
could surely hurt us more than our ach ievements will he lp us as we strive to gain ace eptance of online 
labs as a legi timate avenue for the delivery of science education. To this end, it is essentia 1 for those 
involved in t he development of online labs and pr ograms to activel y work within their professional 
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societies to promote the acceptance of online labs. This includes, among other things, disseminating the 
research findings at meetings, organizing s ymposia, collecti ng assessment data, and publishing. 
Ultimately however, a consortium needs to develop th at will serve to bring i ndividuals and instituti ons 
from a variety of disciplines together in a learning c ommunity to develop and share best practices. This 
may ultimately be done under the umbrella of an established group such as Sloan-C. Alternatively, it may 
have to come about independentl y as a critical mass of practitioners active in the development of onli ne 
labs develops through pr ojects like the ILN [11], iL abs [12] or CASPIE [13] programs. I n any case, a 
consortium that develops and prom otes best practices will be an i mportant resource for institutions and 
individuals interested in moving labs online. 


C. Addressing the “Hands-On Issue 

One of the argum ents heard most often against moving labs onl ine has been the need for “hands-on” 
activities as part of the student’ s laboratory learning experience. Indeed, we believe that the argument for 
the need of a hands-on experience is directly related to two sets of skills comm only associated with the 
scientific process. These are the ability to observe and the ability to manipulate. Observations of sights, 
sounds, smells, and touch provide important clues about natural s ystems, while the abilit y to manipulate 
things that are observed al lows sci entists to test hypotheses and draw conclusions. Can these skills b e 
taught online? Certainly, online technology will continue to improve and may facilitate these processes in 
the future. Em erging technologies providi ng online tactile feedback, audio/vi deo and robotic 
technologies, and even digital scent t echnologies may provide students wi th new opportunities for 
developing these hands-on skills. Elowever, although clear ly on the horizon, the real im pact of these 
technologies remains some years away. 


In the meantime, how do we address the hands-on argument with the online technologies of t oday? First, 
we must understand a disconnection bet ween the intent and the reality of providing students “hands-on” 
experience i n the traditional teaching lab. The intent is that students have an authentic laboratory 
experience th at leads to a deeper understanding of natural sy stems by allowing them to o bserve and 
manipulate objects in the material world. The reality is that ti me limitations associated with most labs 
generally mean that hands-on activities tend to be limite d and are used primarily to train s tudents in the 
technical skills used by practicing scientists. As me ntioned earlier, at most institutions toda y, t he 
commitment to the hands-on laboratory experience is embodied in prescribed procedures, predeter mined 
experimental outcom es a nd strict tim elines. This format does not resem ble an authentic laboratory 
experience and u ndoubtedly evolved, in part, if n ot primarily, to time management concerns and class 
size. Given the fact that a limited number of lab hours are available, science programs have doled out the 
time in a way that at least provides all students with a higher education version of an authentic laboratory 
experience. Students may work in large groups that prevent many of them from using, or even putting 
much thought into the use of laborator y equipment and procedures. They may not have to think about 
their observations or even the reason for their lab e xperiments or to wonder what they would d o next 
based on the ir observations. This form of hands- on laboratory experiences has been deemed more 
valuable than having no hands-on experience, even if this experience is far removed from the experience 
in actual laboratories. Is this approach a good use of time and resources? 


This being said, perhaps we need to rethink t he role of the teaching lab. If we look at the mechanics o f 
delivering laboratories to large numbers of students, it is clear that the time that students spend in the labs 
should be used wisely . Unfortunatel y, existing bott lenecks slow the m ovement of student s through a 
typical lab and therefore limit the opportunities to use the available laboratory time more effectively. For 
example, access to specifi c resources, such as instrumentation, is one such b ottleneck. Instruments can 
often only analyze one sample at a time and some of these analyses can take minutes to hours to conduct. 
Further, access to these instruments is generally only available during the specific class time. Because the 
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use of instrumentation is often one of the essential hands-on activities in a lab, movement in the labs tend 
to be slowed until ever y student, or more realistical ly, group of students, has had a chance to use the 
instrument to analyze a sample. 


This is one example of a bottleneck that the onlin e environment can remove, thereby radically changing 
the way we conduct labs. When instruments, virtua 1 sim ulations, and associated training and lecture 
materials can be re motely accessed twenty-four hours a day for the analy sis of sa mples, the instrument 
access bottleneck is rem oved from the lab. Of course this means redefining th e hands-on e xperience as 
one that includes the use of remote instrumentation and virtual sim ulations. This also means that more 
time is available to develop realistic experiences within the face-to-face lab, such as conducting real 
research, field studies, or engaging in higher-level e xperimental design. Well designed remote labs have 
the potential to significantly enhance learning outcomes across multiple disciplines and could do so 24/7, 
opening the door for a wide variety of new learning opportunities and collaborations. 


D. Rethinking the Laboratory Experience: Blended and Alternative 
Laboratory Delivery Mechanisms 

1. The Blended Lab 

Perhaps the greatest impact the online environment will have relative to moving labs online will be for the 
development of blended laboratory activities. For example, a major difficulty to teaching labs, and in fact 
a major criticism of labs in genera 1, has been a disconnection bet ween lecture and laboratory activities. 
Often, due to large class size and limited lab resources, lectures and laboratories are out of sync, requiring 
students to cy cle throug h different laborator y activities in groups with no effective background 
preparation. As a re suit, labs beco me an exercise i n following instructions ra ther than a mechanis m for 
providing new experiences or building upon previous practice. The online environment could be an i deal 
method for bridging the gap between lecture and la boratory. Resources related to the labs , includi ng 
laboratory sim ulations an d training materials, can easily be com piled and presented within the online 
format. Forums can be established that allow groups to share data as well as laboratory experiences. For 
example, posting problems that may arise while conducting labs for others to avoid or allowing groups of 
students to compare and comment on results would support student learning needs and build community 
in the classroom. In theory, the online environment will allow interactions between different sections of 
the sa me course as w ell between different course s. Many times, the sa me instrum ents and sim ilar 
procedures are used in multiple courses. By providing online access to training materials as well as to the 
instruments themselves, instrument use can be reinforced both vertically and horizontally throughout the 
curriculum. 


2. The Power Lab 

An alternative to the traditional lecture/laboratory c ourse would be the Power Lab. In this scenario, th e 
lecture materials for a course, such as general chemistry, could be presented entirely online, with a face to 
face laboratory offered asynchronously for short, intense periods. For example, labs could be offered for a 
week during spring break, intersession, or summer session rather than in three hour blocks. Full-da y labs 
for a one week session would easily cover the typical 30 laboratory contact hours available i n a 10-week 
face to fa ce general che mistry course. If the on line course i ncluded extensive materials covering 
laboratory techniques as well as orien tation and tra ining sessions with re mote instrumentation, students 
would come to labs better prepared to conduct specific laboratory activities. This could be accommodated 
with the use of case studies designed t o help student s to understand and opera te the required laborator y 
instrumentation. Successf ul co mpletion of the c ase studies would prepare st udents to use instru ments 
during the Power Lab. An additional advantage to Power Labs would be the possibilit y of co mbining 
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laboratory activities to focus on a specific question ra ther than as a seri es of discreet a nd unrelated 
exercises typical of a once a week three hour lab. At many universities, teaching labs are not as heavily 
used during the summer months. In addition, many universities provide dormitory rooms and meal plans 
for short stays during the summer in support of camps and other activities. The availability of lab space 
and inexpensive housing would make many universities ideal locations for the delivery of Power Labs. 


3. Online Science and Instrumentation Centers 

One way to facilitate moving labs online will be through the development of regional centers that provide 
an online laboratory experience. These centers would most likely be located at an established college or 
university and would provide online and face to face laboratory experiences. The centers would specialize 
in the creation of onli ne labs, virtual sim ulations and development of supp orting curricular materials. 
They would also provide remote access to instru mentation and would be capable of deli vering Power 
Labs. Online labs develo ped by the centers could be used by institutions providi ng online degree 
programs in the sciences. In this wa y, distance e ducation programs could focus on the online course 
content which would then be supplem ented with onl ine or Power Labs developed by the centers. Each 
distance education program could then decide the la boratory experience, either online or th rough Power 
Labs, that would be required for their students. These centers could be supported, in part, through the use 
of lab fees charged as part of the course. 


II. DISCUSSION 

The online e nvironment is just now starting to ma ke an i mpact on the traditional laboratory -based 
sciences. Discussions from the Moving the Labo ratory Onlin e workshops have shown a significan t 
interest in online labs aero ss many disciplines. They have also shown that a community of interest an d 
practice is b eginning to f orm and gain experience in developi ng and deliv ering onli ne laboratories. 
Experience has shown that moving labs online is indeed possible and effective; however, doing so comes 
with the cost of rethinkin g the role of labs w ithin the curriculum . The online environment cannot and 
should not be used to try and replicate the traditional face to face laboratory. Instead, the development of 
online labs should focus on defining and developing the laboratory experience to provide the knowledge, 
skills and values necessar y for stude nts to become scientifical ly literate and technically co mpetent 
individuals. 


Online labs will continue to gain acceptance as leg itimate alter natives to the face to face laboratory 
experience. As online resources continue to be developed, the quality, quantity, and diversity of online lab 
offerings will also expand. In addition, blended labs will continue to evolve and will incoiporate many of 
the tools available within the online teaching community. 
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